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Abstract
Type II quasars are luminous Active Galactic Nuclei whose centers are obscured by
large amounts of gas and dust. In this contribution we present 3-band HST images of
nine type II quasars with redshifts 0.25 < z < 0.4 selected from the Sloan Digital Sky
Survey based on their emission line properties. The intrinsic luminosities of these
quasars are thought to be in the range −24 > MB > −26, but optical obscuration
implies that host galaxies can be studied unencumbered by bright nuclei. Each
object has been imaged in three filters (‘red’, ‘green’ and ‘blue’) placed between the
strong emission lines. The spectacular, high quality images reveal a wealth of details
about the structure of the host galaxies and their environments. Most galaxies in
the sample are ellipticals, but strong deviations from de Vaucouleurs profiles are
found, especially in the blue band. We argue that most of these deviations are due
to the light from the nucleus scattered off interstellar material in the host galaxy.
This scattered component can make a significant contribution to the broad-band
flux and complicates the analysis of the colors of the stellar populations in the host
galaxy. This extended component can be difficult to notice in unobscured luminous
quasars and may bias the results of host galaxy studies.
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One of the key long-term questions in quasar studies is to identify just which
properties of the galactic host (overall morphology? presence of bars? close
neighbors? star-formation history? gas content?) are associated with activity
in its nucleus. However, observations of quasar hosts are made difficult by the
bright source in the center of the host galaxy – the quasar itself; in some cases
the light from the quasar completely overwhelms the host galaxy, preventing
its detection altogether. Therefore, a significant advantage can be gained by
studying the hosts of quasars in which the optical and UV light from the
nuclear source are obscured by large amounts of gas and dust near the nucleus
– so called type II quasars (Urry & Padovani, 1995). Such objects have only
recently been discovered in large numbers in X-ray, mid-IR and optical surveys
(e.g., Zakamska et al., 2003; Lacy et al., 2004; Szokoly et al., 2004).
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In the optical, the strong blue continuum and broad emission lines typical of
unobscured (type I) quasars are not observed in type II quasars, so that nar-
row emission lines that originate above and below the plane of obscuration are
the only signature of the presence of a hidden Active Galactic Nucleus (AGN).
We therefore searched the spectroscopic database of the Sloan Digital Sky Sur-
vey (SDSS; York et al., 2000; Abazajian et al., 2005) for objects with narrow
emission lines with high-ionization line ratios and selected a few hundred type
II quasar candidates in the redshift range 0.3 < z < 0.8 (Zakamska et al.,
2003). We have been conducting sensitive follow-up observations of the ob-
jects in this sample to determine their multi-wavelength properties. We found
that their IR and X-ray properties are consistent with their interpretation as
powerful (bolometric luminosity > 1045 erg sec−1) obscured (hydrogen column
densities > 1022 cm−2) AGN (Zakamska et al., 2004; Ptak et al., 2006).
Even though the direct emission from the nucleus is completely blocked by
the obscuring material, some light emitted along other directions is scat-
tered into our line of sight by electrons or dust particles in the host galaxy
(Antonucci & Miller, 1985). The scattering efficiency (the ratio of the appar-
ent luminosity due to scattering to the intrinsic luminosity) is very poorly
known, but some observations suggest that it can be as large as a few per cent
(Zakamska et al., 2005). For an intrinsically luminous quasar such scattering
efficiency implies that the scattered light can make a significant contribution
to the observed flux. This contribution is very difficult to separate from the
stellar light, since the scattered light can form complicated shapes in the plane
of the sky. Imaging polarimetry helps resolve this ambiguity, but in the absence
of such observations, spectropolarimetry or broad-band polarimetry allows one
to determine the major direction of scattering and therefore indicates where
in the galaxy most of the scattered light is coming from.
In this contribution we describe results of the imaging of nine type II quasars
using the Advanced Camera for Surveys (ACS) aboard the Hubble Space
Telescope (HST), in combination with polarimetric data from ground-based
observations. We selected nine type II AGN with L([OIII]5007)> 109L⊙ from
the samples by Zakamska et al. (2003) and Hao et al. (2005) in the redshift
range 0.25 < z < 0.4. Based on the correlation between the narrow line lumi-
nosities and the broad-band luminosities that exists for unobscured quasars
(Zakamska et al., 2003), we estimate that the intrinsic luminosities of the ob-
jects in our program are about −24 > MB > −26. To avoid contamination
from the strongest emission lines ([OII]3727, [OIII]4959,5007, Hβ, Hα), we
carefully chose redshifts and ACS filters so that none of the filters used in our
program contain any of these lines.
Each object was imaged in three filters: ‘blue’ (blueward of the [OII]3727
line), ‘green’ (between [OII]3727 and Hβ) and ‘red’ (redward of the [OIII]5007
emission line). The three images were combined to produce color-composite
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images shown in Figures 1 and 2. Within each Figure, the filters, redshifts
and image combining parameters were similar, so that the difference in colors
of objects in the images reflect differences in their optical spectral energy
distributions.
Polarimetric or spectropolarimetric data were obtained for seven of the objects
using the CCD Spectropolarimeter (SPOL) at the 6.5m Multiple Mirror Tele-
scope (MMT) and Bok telescope. The observed degrees of polarization vary
from 1% to 10% (in the green band), and the polarization position angles are
indicated with solid lines (marked ‘θ’) in Figures 1 and 2.
By fitting ellipses to the isophotes for each object in each band, we con-
structed one-dimensional brightness profiles and found that in most cases they
are consistent with the de Vaucouleurs law, except SDSS J1106+0357 (Figure
2) which has a prominent exponential component in the outer parts. Once
the best-fitting two-dimensional de Vaucouleurs profile is subtracted off the
image, significant deviations are revealed. They are especially prominent in
the blue band, and the brightest of them can be seen in Figures 1-2 as blue
patches, either biconical (as in SDSS J1323-0159) or irregularly shaped (as in
SDSS J1039+6430). We find that in most cases the line connecting the center
of the galaxy and the brightest blue patch is orthogonal to the measured po-
larization position angle, and we therefore interpret these regions as emission
from the obscured nucleus scattered into our line of sight by the material in
the host galaxy.
Notable exceptions include SDSS J0920+4531, in which the blue region near
the center is misaligned with the scattering orientation as measured using
spectropolarimetry. Given the overall morphology of the object which shows
several components interacting with the main galaxy, it is likely that the bright
blue patch near the center is just a starforming region rather than scattered
light. In this case, the scattering region cannot be easily identified on the basis
of morphology. The example of SDSS J0920+4531 shows that in the absence
of polarimetric data, star formation in the host cannot be easily distinguished
from the scattered light contribution. This difficulty is further underscored by
the case of SDSS J0123+0044, where the ambiguity is not resolved even by the
polarimetric data. In this object, several patches of blue surround the nucleus.
While the brightest of them is orthogonal to the polarization position angle
(and therefore is likely to be scattered rather than stellar light), the fainter
spots to the east of the nucleus lie on the extension of a faint thin structure
which extends out to 30 kpc to the north of the galaxy (this structure is too
faint to be seen on Figure 1). Given this morphological connection with what
looks like a tidal tail, the eastern spots are probably patches of star formation
in a companion in the process of disruption.
Scattered light can make a significant contribution to the broad-band fluxes of
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Fig. 1. Color-composite HST images of type II quasars. In all images similar pa-
rameters of the color-combining code were used, so the colors of the objects can be
directly visually compared. Object identification and the total horizontal size of the
images are given above each image. A cartoon of the scattering regions and polariza-
tion position angle (in image coordinates), as well as the orientation on the sky are
shown to the right of each image. The polarization position angle θ is marked with
a solid black line, and grey lines mark the 1σ confidence limits if the uncertainty in
the angle is significant.
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Fig. 2. Same as Figure 1, except a different set of filters was used for these
three objects. Polarimetric data are not available for SDSS J1301−0058 and
SDSS J1243−0232.
quasar host galaxies. One striking example is SDSS J1039+6430, in which most
of the blue emission is due to the scattered light, and the measured polarization
reaches 17% in this band. Scattering from different parts of the host galaxy
can wash out the polarization signal, so that scattered light can be important
even if the observed polarization is not very high. If one were to take the
colors of the extended emission at face value to estimate the age of the stellar
population in the host galaxy, the measured ages would be strongly biased
toward small values. As we demonstrated above, polarimetric data can help
distinguish between scattered light and star formation, but does not eliminate
the ambiguity entirely. This difficulty may be even more severe in host studies
of unobscured quasars, in which the presence of a very bright blue nuclear
source can make a detailed morphological analysis difficult and can dilute the
polarization signal.
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Our other findings include the presence of kpc-scale dust lanes across the
centers of some host galaxies (e.g., SDSS J1323−0159 and SDSS J0123+0044),
extended tidal structures in three of the objects in our sample, and faint
companions within 20 projected kpc in each of the remaining six objects. The
statistical significance of these results will be addressed in our future work.
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